It is shown that the gauge invariant description of higher spin elds requires a nonlocal generalisation of the theory. Nonlocal gauge invariant action functionals for spinor spin 3=2 eld and tensor spin 2 eld in curved space are constructed.
Introduction and General Formalism
The study of quantum elds on a xed background is an important step towards understanding quantum processes in the presence of some external classical elds. 1?3 The construction of the theory of quantum elds on an arbitrary background is needed also for the o -shell formulation of a nonlinear theory and for the self-consistent description of the dynamics of e ective elds taking account of the back reaction of quantum processes on the classical background. 4;5 Although the description of lower spin elds (s 1) in arbitrary background elds is consistent, the construction of the theory of higher spin elds (s 3=2) in arbitrary background elds (particulary in curved space) is know to encounter certain di culties. The fact that the principle of gauge invariance which underlies the theory of massless higher spin elds 6?12 does not work in a consistent manner in the presence of arbitrary background elds if one keeps to the standard conseption of elds theory.
The naive generalisation of the free theory breaks in general the gauge invariance. As a result some inconsistencies arise following from algebraic conditions on the elds due to the curvatures. 12?16 It means that the theory has a quite di erent physical interpretation (i.e. the set of physical states) in the presence of background elds and without them. Thus the zero limit of background elds appears to be singular.
The purpose of this paper is to show how, by giving up the locality condition, one can solve this problem and construct a gauge-invariant theory of higher spin elds on an arbitrary background that turns into a free local one when background elds vanish. (1:3)
Here and below a comma means the right functional derivative with respect to background and quantum elds, indices in the exponent of (-1) take the value of 0 or 1 depending on their being bosonic or fermionic, and C A B ( ) are the structure functions of the superalgebra.
The invariance under the background gauge transformations B will be called "covariance" and the invariance under the quantum ones q , simply "gauge invariance".
Let us introduce a metric G ab in the con guration space of h a which satis es the conditions of locality, G ab = E ab ( (x)) (x; y); (1:4) nondegeneracy and supersymmetry, sdet G 6 = 0; G ab = (?1) ab+a+b G Ba ;
and that of covariance, G ab;i R i + (?1) b G ae R e b + (?1) b+(a+e)( +a) R e a G eb = 0:
(1:5)
We shall also assume the metric G ab to ensure the nondegeneracy of the operator
(1:6)
Using operator N one construct the orthpgonal projector then it is easy to show that the constructed nonlocal gauge-invariant functional S( ; h) (1.12) coincides with S( ; h) and consequently it is local at the zero background eld S( ; h)j =0 = S( ; h)j =0 :
Thus proceeding from the local covariant functional which is gauge-invariant only in the absence of background elds, we have constructed the covariant and gauge-invariant (but nonlocal, in general) functional which becomes local in the absence of background elds. It can be used as an action for higher spin elds in background elds and in curved space. The initial local covariant functional can be constructed by simple covariant generalisation of the appropriate free action without any background elds. In the following sections we shall put into practice the stated acheme for the spinor spin 3=2 eld and the tensor spin 2 one in curved space. From here it is immediately seen that the action S(g; h) is in general gauge-invariant only in at space. If we assume 1 = 2 then the gauge invariance will be preserved in Picci-at spaces too. One can go a little further and secure the gauge invariance also in a more general case of Einstein spaces (R = g ; = const). For this it is enough to assume 3 = ?d 4 ; 2 = ? 1 2 ?(d=2) 5 . There are still two arbitrary constants 4 ; 5 left.
But by tuning these one fails to secure gauge invariance in the general case of arbitrary curved space.
The local covariant metric in con guration space of h has the form
where is a constant which must be nonzero for nondegeneracy of the metric.
Operator ( The corresponding projector (1.7) is equal to 
Conclusion
We have shown that for the formulation of the theory of higher spin elds (s 3=2) in background elds (particularly in curved space) it is necessary to give up the locality of the theory. The vector eld (s = 1) is the upper case in which one can still preserve the locality. For higher spin elds one fails to do this and the theory gets nonlocal.
We have also constructed manifest covariant gauge-invariant nonlocal actions for the spin 3=2 and spin 2 elds in curved space which turn into the standard local RaritaSchwinger and Pauli-Fierz ones in at space. These models can be used in quantum gravity, supergravity, quantum cosmology and quantum black holes physics and some other related problems.
